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Changing Salinity Patterns in Biscayne Bay, Florida

Introduction

Biscayne Bay, Fla., is a 428-square-mile (1,109-square-kilo-
meter) subtropical estuarine ecosystem that includes Biscayne
National Park, the largest marine park in the U.S. national park
system (fig. 1). The bay began forming between 5,000 and 3,000
years ago as sea level rose and southern Florida was flooded.
Throughout most of its history, the pristine waters of the bay sup-
ported abundant and diverse fauna and flora, and the bay was a
nursery for the adjacent coral-reef and marine ecosystems.

In the 20th century, urbanization of the Miami-Dade County
area profoundly affected the environment of the bay. Construction
of powerplants, water-treatment plants, and solid-waste sites and
large-scale development along the shoreline stressed the ecosystem.
Biscayne National Monument was established in 1968 to “preserve
and protect for the education, inspiration, recreation and enjoyment
of present and future generations a rare combination of terrestrial,
marine, and amphibious life in a tropical setting of great natural
beauty” (Public Law 90-606). The monument was enlarged in 1980
and designated a national park.

Water Control—An Altered System

As the population of South Florida grew during the 20th
century, demands increased for protection from seasonal flooding
and for water for human consumption and for agriculture. These
demands led to the construction of extensive water-control struc-
tures throughout South Florida, most notably by the Central and
Southern Florida (C&SF) Project. The C&SF Project, authorized
by Congress in 1948, altered the seasonal delivery of freshwater
and thus affected the wetlands, estuaries, and coastal environments
of South Florida, including Biscayne Bay.

During the 1980s and 1990s, momentum built for restoration of
more natural flows to the fragile environments of South Florida,
leading to the approval of the Comprehensive Everglades Restora-
tion Plan (CERP) as part of the Water Resources Development Act
of 2000. The primary goal of the CERP is to restore the timing,
quantity, quality, and distribution of freshwater so that the ecosys-
tem conditions approximate predevelopment conditions as closely
as possible.

Objectives

Before restoration can occur, baseline conditions of the envi-
ronment prior to significant human alteration must be established,
and the range of variation within the natural system must be deter-
mined. Natural ecosystems evolve over time, and so it is important
to understand what portion of present-day change is due to human
activity and what portion is due to natural variations. For example,
what role has climate change or sea-level rise played in shaping
Biscayne Bay as it exists today?
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Figure 1. Satellite image map of Biscayne Bay, Fla., showing sites where
USGS cores were collected and the boundary of Biscayne National Park
(blue dashed line). Image cropped from John W. Jones, Jean-Claude
Thomas, and Gregory B. Desmond, 2001, South Florida Everglades satellite
image map: USGS Miscellaneous Investigations Series Map 1-2742; see
http://sofia.usgs.gov/projects/remote_sens/sflsatmap.html.

Research for the U.S. Geological Survey’s (USGS) Ecosystem
History of Biscayne Bay Project has two objectives—to examine
historical changes in the ecosystem at selected sites on a decadal to
centennial scale and to correlate these changes with natural events
and anthropogenic alterations in the South Florida region. Empha-
sis is placed on historical changes to amount, timing, and sources
of freshwater influx and the resulting effects on salinity and water
quality. By reconstructing the patterns of change prior to significant
alteration of the environment, we can predict what the environment
would have looked like without human alteration and can estimate
what portion of change may be related to human activity. The
results of this work are providing restoration planners with informa-
tion on the predevelopment conditions of Biscayne Bay and will
allow them to set realistic targets for restoration.
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Uncovering the History of an Ecosystem

The history of an ecosystem is recorded in the sedimentary
record—the sediments themselves and the faunal and floral
remains in those sediments. Retrieving historical information
recorded in sediments follows basic principles of geology (primar-
ily the law of superposition and the principle of uniformity, that is,
the present is the key to the past) and utilizes many paleoecologi-
cal and geochemical tools.

USGS cores are collected from areas within a South Florida
ecosystem that have sufficient sediment thickness and as little
bioturbation (digging and burrowing by animals), storm disrup-
tion, and erosion as possible. The cores are then X-rayed (fig. 2),
described, and cut into 0.4- to 2-inch-thick (1- to 5-centimeter-
thick) samples. Age models are developed for the cores by using
radiogenic isotopes of lead and carbon. Additional information on
sample ages comes from the first occurrence of Australian pine
pollen (Casuarina) in a core. Australian pine is an exotic spe-
cies introduced to South Florida around the beginning of the 20th
century, and it provides an excellent stratigraphic marker for the
early 1900s.

In order to determine past changes in salinity, the core samples
undergo analyses for plant and animal assemblages and for shell
biochemistry. The key to both types of analyses is to study and
understand the ecology of the living organisms in South Florida.
Figure 3 illustrates how this process works for assemblage analy-
ses. If we understand how and under what conditions a plant or
animal lives today, then we can extrapolate that information to
interpret past environments. Studies of living animals and plants in
the estuaries of South Florida have been conducted since 1995. Part
of this modern dataset includes information on salinity preferences
of animals, which we assume remain consistent over time. Thus,
when we find remains of animals in our core samples that are the
same animals studied in the modern environment, we can estimate
the range of salinity that existed when they were alive.

The biochemical analyses work in much the same way. Organ-
isms having calcareous (CaCO,) skeletons record information
about the water in which they secrete their skeletons. The metal/
calcium ratios of shells from microscopic invertebrates (ostra-
codes) have been calibrated to salinity in the modern environment,
and so these ratios can be calculated for ostracodes from core
samples and a salinity value derived. (See box for an explanation
of salinity values.)

The results of the assemblage analyses are plotted as the per-
cent abundance of key indicator groups in each sample in the core
(figs. 4 and 5). These plots give a picture of the changes through-
out the time of deposition of the core. By examining a number of
different indicators from each core, we increase our confidence in
our interpretations, and we provide a more detailed description of
what the past environment was like.

Changes in Biscayne Bay Salinity

Cores from nine sites in Biscayne Bay (fig. 1) have been
analyzed. These analyses are described in the reports listed in the
references box. The results indicate that the Biscayne Bay ecosys-
tem has undergone many significant changes over the last 100 to
500 years.

Southern Biscayne Bay, including Card Sound and Barnes
Sound, has been relatively isolated from direct marine influence
for at least the last two centuries due to its enclosed configuration
(see fig. 1). Currently, this area is less influenced by the urbaniza-
tion that has taken place to the north, and there are few developed
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Figure 2. X-radiographs and schematic sections of the top 80 cm of
USGS cores collected from Featherbed Bank, Biscayne Bay, Fla., in
2002. Scale is in centimeters. X-radiographs were done compliments
of Mariners Hospital, Tavernier, Fla. Schematic drawings show occur-
rence of laminations and remains of plants and shells.

Salinity Values—What Do They Mean?

Salinity is typically measured in parts per thousand (ppt), which is the
amount of dissolved salts in seawater (primarily NaCl, or sodium chloride). The
average salinity of the oceans is 35 ppt. Typically, scientists use the “Venice
System” for designating salinities, as shown in the following table*:

Salinity
(ppt)
0-0.5 Limnetic
0.5-5 Oligohaline
5-18 Mesohaline

Salinity term Typical environment

Freshwater

Near mouth of river or stream

Upper estuary (influenced by freshwater—
more restricted)

18-30 Polyhaline Middle to lower estuary (influenced by
marine environment—more open)

30-40 Euhaline Marine

>40 Hypersaline Shallow bodies of saltwater, subjected to
significant evaporation

*Table modified from Symposium on the Classification of Brackish
Waters, Venice, 8—14 April 1958 (1959, Archivio di Oceanografia e Limnologia,
v. 11, supplement).

areas along the shoreline. Despite this relative isolation, the area
has undergone distinctive changes during the last century. The
three sites examined (Card Bank, Middle Key basin, and Manatee
Bay) all show increasing salinity during the last 100 years. At Card
Bank, the salinity historically has shown rather large variations on
multidecadal and centennial time scales relative to those seen at
central Biscayne Bay sites, but marine influence at Card Bank has
increased over the last century. The salinity of Middle Key basin
has increased steadily since before 1900 (fig. 4).



Modern Bay Studies

Water characteristics are measured (salinity, temperature, pH,
dissolved oxygen, turbidity), animal and plant surveys are
conducted, the environment is described, and samples of
water, sediment, plants, and animals are collected in the
modern bay.

Historical Bay Studies

A core (typically 3-5 feet (1-1.5 meters) in length) is collected
from the floor of the bay area being studied. The cores trap the
sediments, plants, and animals that were deposited in the area
over the last approximately 100-500 years.
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Modern Samples

Initial Core Processing
Core is X-rayed and described, then cut into slices 0.4-2 inches
(1-5 centimeters) thick.

Core Samples

To Lab
Samples are processed, plant and animal species are identified
and linked to modern environmental conditions recorded in the
field, and shell and water chemistry is analyzed.

To Lab

Samples are processed and dated, plant and animal remains are
identified, and shell chemistry is analyzed.

Modern Sample
Assemblage

salinity of 18 to 30 ppt.

Conclusion
Modern plants and animals are similar to the remains
of plants and animals found in the core. The modern
assemblage was collected in water having a salinity of
22 parts per thousand (ppt) and has been shown from
repeated samples and observations to live in water
having a salinity that ranges from 18 to 30 ppt. An
assumption can be made that salinity preferences of
plants and animals remained consistent over time and
that the core sample was deposited in water having a

Core Sample
Assemblage

Figure 3. Diagram showing how information on modern conditions is used to interpret the historical environmental conditions from the remains

of plants and animals found in cores collected from the study area.

The mudbanks of central Biscayne Bay have become increas-
ingly marine and increasingly stable (less fluctuation in salinity)
during the last 100 years (fig. 5). No indications of interdecadal
salinity extremes or periods of hypersalinity have been found
in cores from Featherbed and No Name Banks. The salinity has
ranged from estuarine to marine (polyhaline to euhaline; see box)
throughout the period recorded in the sediment cores.

The nearshore cores from north of Black Point and Chicken
Key have a history of fluctuating salinity. At both sites, the oldest
sediments with faunal remains show deposition under conditions
of slightly elevated (mesohaline to polyhaline) salinity relative
to the overlying layers, succeeded by a period of lower (mesoha-
line) salinity. In the last 20 to 30 years, salinity at both sites has
increased to polyhaline conditions, and there is evidence of an
increase in salinity fluctuations during the same time period.

Implications for Restoration

One overwhelming trend emerges from the analyses of all the
cores examined—increasing salinity in the Biscayne Bay system.
Although the timing of the onset of increased salinity varies at the
different core sites, there are no exceptions to this trend. In the
nearshore sites, the increase in average salinity has been accompa-
nied by an increase in variability of salinity. In contrast, the central

Biscayne Bay sites have shown increasingly stable salinity over the
last century and indications of increasing marine influence. These
trends could be a result of rising sea level, of changes to the natural
flow of freshwater, or both, but the timing of changes at some of
the nearshore sites suggests that both factors are involved.

These results have significant implications for restoration plan-
ning. First, sea-level rise and the recognition that Biscayne Bay
appears to be evolving toward a more marine environment must be
factored into the planning process. Second, generalized perfor-
mance measures (goals set by CERP) and targets for the nearshore
and wetland areas may not reflect the natural variability seen at
these sites. Examining decadal to centennial trends in a variety of
habitats within the Biscayne Bay ecosystem provides a realistic
means to set performance measures, to predict system response to
changes invoked by restoration efforts, and to enlighten the public
on what the natural system of the bay looked like prior to signifi-
cant human alteration of the environment.
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Figure 4. Key molluscan salinity indicators in Middle Key core from
nearshore area of Barnes Sound. Percent abundances of indicator
species in core segments are plotted against depth (in centimeters)

on the left and approximate calendar year on the right. Red arrows
track increased numbers of estuarine species. Black arrow shows
decreasing influx of freshwater species. Combined the indicators show
a steady increase in salinity upwards in the core and decreasing influx
from freshwater and terrestrial environments.
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Figure 5. Key salinity indicators in No Name Bank core from central
Biscayne Bay. Percent abundances of indicator species in core seg-
ments and magnesium/calcium (Mg/Ca) ratios derived from ostracode
shells are plotted against depth (in centimeters) on the left and calen-
dar year on the right. Red arrows track increased numbers of marine
species, indicating increasingly marine and increasingly stable salinity.
Black arrows highlight decreasing numbers of species that thrive in
fluctuating salinity. Red dashed line shows a shift in the Mg/Ca ratio of
ostracode shells (a proxy for salinity) from more fluctuating salinity to
more stable salinity in the upper part of the core.
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